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$F$ $\mathcal{T}$ $2^{\Pi}$ , F( $t$
. crashed$(F)=$
$\bigcup_{t\in \mathcal{T}}F(t)$ $F$ .
, corred(F)=\Pi --\mbox{\boldmath $\sigma$}ashed(F) F




$2^{\mathrm{n}}$ , $H_{D}(p, t)$
$\mathrm{P}$
$t$ .




















$\forall t\in \mathcal{T},$ $\forall i,j\in\Pi-F(t)$ : $i\in H_{D}(j, t)$
Weak Accuracy: wrrect
.
$\exists i\in correct(F),$ $\forall t\in \mathcal{T},$ $\forall j\in \mathrm{I}\mathrm{I}-F(t)$ : $i\not\in H_{D}(j,t)$
Eventual Strong Accuracy: Strong Accu-
racy .
1:








, , D’ D
$D\succeq \mathcal{D}’$ . $\mathcal{D}\succeq D’$ $D’\succeq D$
, $D$ $D’$ , $v\underline{\simeq}v’$ .
1 $[2]Q\succeq \mathcal{P},$ $\mathcal{W}\succeq S,$ $\phi Q\succeq \mathrm{O}\mathcal{P},$ $\phi \mathcal{W}\succeq$ S.








$H_{G}$ $\Pi \mathrm{x}\mathcal{T}$ $\{0,1, \ldots,n-1\}$
, $H_{C}(p, t)$ $P$ $t$











$\exists t\in T,Vi\in \mathrm{c}o\mathrm{r}red(F),$ $Vt’\geq t:H_{C}(i, t’)\geq|crashed(F)|$
Weak Completeness: $\omega rrect$
crash .
$\exists t\in T,$ $\exists i\in\omega rrect(F),Vt’\geq t:H_{C}(i, t’)\geq|crashed(F)|$
Strong Accuracy: crash
.
$Vt\in T,$ $Vi\in\Pi-F(t)$ : $H_{C}(i, b)\leq|F(t)|$
Eventual Strong Accuracy: crash
.
$\exists t\in \mathcal{T},Vi\in\omega rred(F),Vt’\geq t:H_{C}(i, t)\leq|F(t)|$
*Accuracy: crash
, oorrect l .
$\exists t\in T,$ $\exists i\in\Pi,$ $H_{C}(i, t)>|F(t)|\Rightarrow i\in c\sigma rrect(F),\forall t’\in$
$\mathcal{T},$ $\forall j\in\Pi\backslash \{i\}$ : $H_{G}(j, t’)\leq|F(t’)|$
$+\mathrm{A}\mathrm{c}\mathrm{c}\mathrm{u}\mathrm{r}\mathrm{a}\mathrm{c}\mathrm{y}$ : crash correct
.














(1) $i\in\Pi$ , output: $:=\emptyset$ ;
/ /
while$()\{$
(2) $k:=H_{C}(i, t)$ ;
(3) $j\in\Pi$ message$(i, k)$ .
(4)$n-k$ reply$(j, k)$ .
(5) , reply k
output: . }
/ /
(6) $j\in\Pi$ message$(i, k)$ $i$
reply$(j, k)$ .
1: $|$ 1
41 $\prime P_{\#},$ $Q_{\#},$ $\phi P_{\#},$ $0Q_{\#}$
2 $P_{\#}\cong \mathcal{P},$ $Q_{\#}\cong Q,$ $\phi p_{\#}\underline{\simeq}\phi \mathcal{P},$ $\phi Q_{\#}\cong(Q$
.
$.P\#,$ $Q\#,$ $\phi \mathcal{P}\#,$ $\phi Q\#$






. (2)$-(5)$ ’ ’ .
, Stro Ac-
curacy, Eventual Strong Accuracy
Strong Accuracy, Eventual Strong Accuracy
. , Strong
Completeness, Weak Completeness




, $\exists i,j\in\Pi-F(t)$ : $j\in\circ utput_{i}$
t . , t ntpu k
. , $i$ (2) $j$ $n-k$
reply . ,
Strong Accuracy , t k
crash , message$(i, k)$
crash $n-k$ .
, $t$ $j\not\in F(t)$ , $j$ reply
$n-k$ reply . .. Eventual Strong Accuracy
Eventual Strong Accuracy ,
t , t
. , Strong Accurasy
, t out\mu ti
. , Eventual
Strong Accuracy .. Strong Completeness
p\in \mbox{\boldmath $\sigma$}ashed(F) crash t .
Strong Completen6 , $t’$ ,
$q\in\omega rred(F)$ $t”\geq t$ $H_{C}(i,t’’)\geq$
$|c\mathrm{r}ashed(F)|$ . , $t”\geq t$ ,
$p\in crashed(F)$ reply , $p\in output_{i}$
. $\mathrm{S}\mathrm{t}\mathrm{r}\mathrm{o}\text{ }$ Completeness .. Weak Completeness
Strong Completeness .
, $p_{\#}\underline{\simeq}_{\mathcal{P},Q_{\#}\cong Q,0\mathcal{P}_{\#}\cong 0\mathcal{P},(Q_{\#}\mathrm{O}Q}\underline{\simeq}$














$r_{1}$ . $F_{1}$ corred
p , p 0 n-l
. $\mathcal{I}$
. , $A$ Strong Completeness
, $t_{p}$ , $t_{p}$ $P$ $\Pi\backslash \{p\}$




, $r_{2}$ . ,
$P$ $0$ $n-1$ ,
$0$ . , $P$
$t_{\mathrm{p}}$
, $P$ $r_{1}$ ,













$j\in\Pi\backslash \{i\}$ 2 ,
. , $i$
, l . $i$
corred , Weak Accuracy
.. Strong Completeness
$\mathcal{I}$ Strong Completenes8 , 2
.





, $0$ $P$ ,
corred $F_{1}$ ,
$r_{1}$ . $P$ $0$
p .
$S$ . , $A$ Strong Completeness





















$p\in\alpha\cdot ashed(F)$ crash $t$ .
$SC$ , $q\in wrred(F)$
$H_{C}(q, t’)\geq|crashed(F)|$ $t’>t$ ,
t’ . , t’
,
. , p\in crashed(F)
reply , , $n-k$ reply






(10) . , t’ HC



























P . , A Stro
Completen6s , $\text{ }t_{\mathrm{p}}\text{ }$ ,
















(4) $j\in\Pi$ message$(i, k)$ .
(5)$n-k$ reply$(j, k)$ .








(9) $j\in\Pi$ message$(i, k)$ $i$
rePly$(j, k)$ .
(10) message$(i, k)[]’$. $n-k$
reply$(j, k)$ , (7) .


















7 $r_{1}$ 2 $p,$ $q\in\Pi$
. , $r_{2}$
, p, q 0 n-1
. p, q
$\max\{t_{p}, t_{q}\}$ , $p,$ $q$
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$\mathrm{I}\mathrm{D}$
.
, $P$ $S$ $\mathcal{I},$ $\mathcal{P}$ $\mathrm{O}P$ $J$
.
, $S,$ $\mathcal{W}$
. , I, J
.
[1] T. D. Chandra, V. Hadzilacos, and S. Toueg. The
weakaet failure detaetor for solving consensu8. J. ACM,
$43(4):685- 722$ , 1996.
[2] T. D. Chandra and S. Toueg. Unreliable Failure De-
tector8 for Reliable $\mathrm{D}\mathrm{i}\epsilon \mathrm{t}\mathrm{r}\mathrm{i}\mathrm{b}\mathrm{u}\mathrm{t}\text{\’{e}}$ System8. J. ACM,
$43(2):225- 267$, 1996.
[3] M. J. Fischer, N. A. Lynch, and M. S. Pateraon. $\mathrm{I}\mathrm{m}\mathrm{p}\infty$
$\mathrm{s}\mathrm{i}\mathrm{b}\mathbb{I}\mathrm{i}\mathrm{t}\mathrm{y}$ of distribut\’e consensus with one faulty $\mathrm{p}\mathrm{r}\mathrm{o}\mathrm{c}\infty 8$.
J. ACM, $32(2):374- 382$, 1985.
[4] R. Guerraoui. Non-Blocking Atomic Commit in Asyn-
chronous Distribut\’e System8 with $\mathrm{F}\mathrm{a}\mathrm{U}\mathrm{u}\mathrm{r}\mathrm{e}$ Detectora.
Distribut\’e Computing, 15:17-25, $2\infty 2$ .
228
